Abstract-The use of clinical practice guidelines to improve quality of care has been a vividly discussed topic. Clinical practice guidelines (CPG) aim to improve the health of patients by guiding individual care in clinical settings. CPGs bring potential benefits for patients by improving clinical decision making, improving efficiency and enhancing patient care, while essentially optimizing financial value. Chronic conditions like heart disease, stroke, and chronic obstructive pulmonary disease (COPD), plague the US healthcare system causing several million dollars in healthcare related cost. This paper demonstrates the development of a CPG into an open-source EHR system to effectively manage COPD patients. The CPG is incorporated using the open web app standard, which allows it to be used with any web browser based EHR system, once data from the EHR system can be fed into the app. As a result, the CPG helps create a more effective and efficient decision-making process.
I. INTRODUCTION
Clinical practice guidelines (CPGs) are designed to create a protocol of care for patients that makes treating patients with certain disease types simpler [1] . The effective use of CPG has been shown to reduce hospitalization, emergency department visits, and outpatient visits as shown in the Cloutier study [2] . The use of asthma guidelines in this study also showed an increased adherence by providers that additionally effected patient outcomes [2] . In fact, in 2010 the projected expenditure in managing COPD care in the US was an estimated $50 billion in direct and indirect costs [3] . For this reason, it is vital that electronic health records (EHR) systems and clinical practice guidelines should be integrated to improve efficiency and patient safety.
CPGs are evidence based practices that are usually released in medical literature and clinicians have to keep these CPGs in their minds while providing care [4] . With a large number of patients under care for chronic conditions like COPD and visits scheduled as far as 3-6 months, it is very hard for clinicians to remember all the case details about a patient [5] . Thus, clinicians spend a lot of time reviewing patient history in the EHR systems, and since CPGs are often updated due to new evidence, the integration of the patient history information with CPGs becomes critical for patient safety and appropriate patient care. qualifying statement, were developed to assist providers in decision making for the management of COPD. They are not considered a standard of care and are not specific to the VA/DOD patients such as military personnel or veterans. The guidelines can be used in a multitude of settings provided in the algorithms and guidelines. The list includes several recommendations on the diagnosis and treatment of these patients. The clinical guidelines also include algorithms for providers to follow as shown in Figure 1 below. The algorithm included in Figure 1 displays the decision-making process of a newly suspected or confirmed diagnosed COPD patient. After completing the initial clinical assessments of the patient, the provider is then led to deciding whether the patient is acute or chronic which leads to another algorithm. The algorithm essentially ends with the provider providing either follow up care, initiating pharmacotherapy, oxygen assessment, or management of the condition using other therapies.
In this paper, we present the development of the VA/DoD CPG on managing COPD, as an open web app in an electronic health record system. We describe the novel single page userinterface that simplifies scheduling, prioritization, treatment ordering for all patients under care of a provider user.
II. METHOD
The project was initially worked on by a nurse, who is also a graduate student in the Health Informatics program at Indiana University Purdue University Indianapolis. A literature search was completed to look at the various available CPGs for COPD management in PubMed, Scopus and Google Scholar. Based on the search result, only guidelines that were used in research studies or implemented in practice were selected for further analysis. CPGs published before 2002 were discarded, since COPD management has improved in the last 15 years. 14 different CPGs for COPD were finally assembled and analyzed for differences and similarities. On comparison of the 14, we discovered that only 4 of these were different in the guidelines. Since the main subject of the paper is development of the selected CPG into the EHR system, we do not present the detailed analysis of the CPGs. But the 4 CPGs that need to be mentioned -The COPD CPG of (i) AMDA -The Society for Post-Acute and Long-Term Care Medicine; (ii) Academy of Medicine of Malaysia; (iii) The Global Initiative for Chronic Obstructive Lung Disease (GOLD); (iv) VA/DoD CPG. These guidelines also identify the factors needed to diagnosis of a patient with COPD. The recommendations included in these guidelines account for the specific parameters needed to diagnose a patient as well as treat. One of the parameters involved in diagnosing a patient J. W. Gichoya is with the Indiana University School of Medicine, Indianapolis, IN 46202 USA.
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Using the guidelines, it was found that the FEV1, partial pressure of oxygen in the blood (PaO2), and FEV1/FVC ratio were the most important factors in the diagnosing and treatment COPD. Based on the observations that are made, the patient is categorized into five categories of severity and pharmaceutical intervention is recommended based on the categorization. The guidelines as well as the algorithms serve as a means to provide a quick reference and recommendation on treatment options.
We selected the OpenMRS EHR system, since it is used by the Health Informatics program at IUPUI, by importing deidentified data from 7 CHCs in Indiana that were part of a PCORI grant [7] . We also use OpenMRS by integrating it with a single sign-on system, such that data can be shared in a secure way even by using Basic Authentication over HTTPS [8] . These two situations somewhat defaulted the use of OpenMRS, as a choice of the EHR system to implement this COPD CPG. To be able to capture the clinical observations, we needed to create the concepts in the OpenMRS concept dictionary. The concept dictionary defines all medical concepts and descriptions contained in OpenMRS. These medical concepts were also linked to other medical commonly used terminologies such as LOINC and SNOMED. The concept for COPD was already available in the default concept dictionary with the name chronic obstructive pulmonary disease and the assigned UUID was used to retrieve data related to the concepts between the app and the EHR system.
The novelty in the development of the app is the use of the Open Web App (OWA) standard [9, p. 25] . The OWA standard is defined by W3C and is a standard packaging format of HTML, CSS, JavaScript and other native web browser technologies that can be used to build applications that can run across browsers, mobile devices [10] and even devices such as televisions and wearable devices. The OWA standard has also found some application in the health-space such as the TCGA toolbox [11] , although the SMART application platform has got much more traction in the health space [12] . The SMART app platform is used as an enabler for substitutable applications for EHR systems. OpenMRS had supported SMART apps in a rudimentary way for quite some time, but has fairly recently adopted OWA packaging for applications, thus using REST API for data exchange between modular parts of the system, such as OWA apps and the core EHR system platform. We used the Yeoman (www.yeoman.io) script that allows creating a template for a package OWA application [13] , which runs on the Node.js runtime environment. Node.js is the basic framework for building the web application but the libraries needed to build the OWA package were provided by the Yoeman script. The Node Package Manager (npm) allows installation of the yeoman script, as well as setting up the environment to deploy the OWA application to OpenMRS for testing purpose.
After creating the OWA template files were created, we needed to setup a common repository through which we could collaborate in the development of the application. Our code is hosted on Github under the Mozilla Public License and is available for collaboration at https://github.com/iupuisoic/owa-copd.
The application use-cases were documented and initially the application was built as a single patient search and used to display the severity category of the patient, as a widget within the patient dashboard. The widget would always be shown for all patients and could not be customized or hidden for patients that did not have related observations or concepts. Based on the feedback of a clinician in our research group, we realized that this not only wasted valuable screen space, but also acted as a distraction to the clinician, who was attempting to decide on the diagnosis. On further analysis, we observed that several research articles on CPGs, pointed that the value of CPGs could be extended to a summary view of the patients under care. There are very limited implementations of CPGs in the documented literature as an overview tool [14] . Most CPGs, if ever implemented from paper to EHR systems, are usually part of Computerized Physician Order Entry (CPOE) where they act as decision support, to determine ordering of drugs or procedures [15] , [16] . Finally, we implemented the CPG, such that, it can identify all the patients under observation of a clinical user (nurse, physician etc.) for COPD needs and classify them on severity, as well as create recommended orders for them in a single click.
In terms of the logic of implementing the CPG, the first check is for the concept of FEV1 or forced exhaled volume over 1 second. This percentage is essentially vital to the diagnosis of COPD, as per the clinical practice guidelines, as it determines the severity of the disease. The definition as well as normal, high, and low values were added to the concept dictionary, which are used for classifying patients. While oximetry levels were already included in the dictionary, the partial pressure of oxygen in arterial blood was not included. The definition of PaO2 was added as well as values to accommodate the newly added vital. Therefore, the definition as well as values were also added to the dictionary. The last concept to be used in the late stages of the project was the FEV1/FVC ratio. This ratio was vital to categorization of the patient's status and treatment.
With the concepts completed and placed in the dictionary, the task of creating a simulated COPD patient to test was next. Now that all definitions were added, the clinical findings for patient had to be tested for accurate classification. A simulated patient was created to begin to assess the function of the clinical practice guidelines. The patient, John, was created and vital signs were added. Unfortunately, due to the nature of the setup of OpenMRS only way to add vitals, observations, or encounters to a patient record that is not included on the forms is to manually create an observation.
In order to assess a patient and diagnose COPD, abnormal vitals and observations had to be included. Using these vitals included, the patient could now be labeled as a COPD patient based on the guidelines.
The final part of the project was to measure the accuracy and speed with which the application could classify patients on severity -at risk, mild, moderate, severe and very severe. We tested performance of the application, with a database which contained 758 patients, 3100 encounters and over 153,621 observations. These are de-identified patients, with dummy names that are part of the training dataset at our institution. This dataset has very limited patients related to COPD cases, as it is from CHCs with a focus on primary care.
III. RESULTS
According to the application logic flow, all patients with chronic symptoms like coughing, shortness of breath, etc. and exposure to risk factors like smoking, or smoking family members, family history of COPD etc. were used to classify the patient at level 0. For these patients, on the click of a button, the provider can order influenza vaccine, for their next scheduled appointment or during the present visit. This allows for planning resources required at the health facility. When patient's FEV1/FVC ration is less than 70% and FEV1 >= 80% the patient is classified as mild and for such patients the provider can order short-acting bronchodilator on the click of a button. For category 3 of moderate COPD, one or more longacting bronchodilators can be ordered. This is shown as an option box from which the provider can select the drugs that they want to order. This flexibility was determined to be important for providers who look at the patient demographic, family history, and other clinical factors that the CPG or EHR decision support cannot implement. Similarly, for patients classified Severe/Very Severe can order glucocorticosteroids, or even referral for surgeries. The logic for the referral was not built, since higher priority was given providers choice and we did not want to preempt or affect clinical decisions.
The result of this project is shown in Figure 1 below. After going through all CPGs designed in this project, every patient will be put into a position in that table and it will give the severity and treatment recommendations for the patients. You can see that we tested the four patients that are classified and the ordering that was done for the patients. The speed of the application in the classification was nearly instantaneous, just as would be any page to display on the web browser. All patients are searched for COPD guidelines observations and then those patients are run through the classification logic of the CPG.
IV. DISCUSSION
The VA/DoD CPG provided the most clarity for us, which is likely a very subjective reading of the guidelines. We specifically looked for detailed flowcharts in the CPGs that would help it to be implemented in an EHR system. Some CPGs were clearly designed with human articulation in mind and were closely related to standard operating procedure.
Based on this project there is more work to be completed that can contribute to the effectiveness of clinical guideline use in an EMR system. Providers care for many patients at the same time. By the time a COPD patient revisit the provider with his result, 6 months have already passed since their last visit. Therefore, the provider may not remember every detail about this patient's condition to be able to make the correct diagnosis. This system we designed can help physicians put patients in the correct diagnostic spot by listing the CPG together with the patient's EHR. Physicians don't need to look at more than one place to collect all the needed information. As with all health-related issues, diagnosis is often dependent on clinical manifestations and testing which can be delayed, misinterpreted, or incorrect. The problem with such issues in healthcare is the number of patients that are untreated due to the non-diagnosing of chronic health issues. This is problematic for the use of CPG's in an EMR system as the patient must have a confirmed diagnosis of COPD in order for the guidelines to apply. This process has the potential to exclude several respiratory patients who have not been officially diagnosed with COPD. Furthermore, this could cause a delay and aggressive treatment and management based on the guidelines. Another concern that may arise with the use of the app is the universality of the application to other chronic disease. The symptoms and classifications may change for each disease and may require a more in-depth measurement of diagnosis and treatment based on guidelines.
Although there is more work to be done, the concepts involved in this application can be used in a multitude of settings including inpatient/outpatient, ED, and primary care. This project mainly focused on the diagnosis and treatment of COPD. We have planned follow up studies by implementing this in clinic setting and get feedback from clinicians and nurses. Although potential cost and time could be an issue in developing these project, the beneficial care provided to patients can be easily viewed and quantified using this application.
V. CONCLUSION
This paper demonstrates, what we believe is an innovative use of CPG in an EHR system. A new approach to provide a summary view of all patients under the provider's care for COPD. The use of OWA standard, such that it can then be ported to other EHR systems that can be used over web browsers. We demonstrate that the application logic for clinical practice guidelines can be implemented in a way that once data is available to it as a JSON, can be worked upon and displayed in a user-friend user interface. To create more efficient and effective care of chronic disease like COPD, these types of applications are becoming more relevant in the realm of medicine today. As providers are overwhelmed with the amount of information that is published and created each day, clinical practice guidelines are a way of creating a more informed decision-making process as patients are treated.
